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A  nun  b«r  of  tl■■ue-cuUured  rr'«n<n'.«li  «n  i  rll  eyc 
trirt  were  inlr(.t*4l  «iiH  a  v*ri*ty  of  vtruacf  to  which  lh«y  'were  auai  cf>- 
tible. 

A)  A  con.paritoo  waa  mad*  beliweeii  the  cell  rreta- 
bolian-,  at  judged  from  oxygen  conauirption,  of  noriral  controi  cells  and  of 
virus  inferted  rrlls.  The  oxygen  c onsuerptiOA  <*aa  found  in  all  instances 

to  be  grra'iy  increased  in  cells  affected  with  an  acute  virus  infection,  and  , 
*his  increase  was  in  dtrr<  t  ratio  to  the  virulence  of  the  strain  used.  In  chro¬ 
nically  infected  cells,  no  significant  differences  unth  control  call  «*rc  found 
when  the  virus  release  was  it  inin  al  or  absent:  in  the  case  of  sub-acute  in  • 
fections,  <wherc  the  virus  production  was  gradually  d*veloppi',|;  and  enabled 
the  ce'is  to  survive  for  a  long  time,  there  was  only  a  slight  increase  in  oxy¬ 
gen  consurr.otion. 

B)  Electron  iricroscoe*  studies  could  show  no  direct 
correlation  between  the  cell  ultrastructure  lesions  and  the  metabolic  varia¬ 
tions.  In  chronically  infected  cell- systems  it  was  not  possible  to  find  any 
typical  virus  structures,  it  seems  probable  that  in  such  infected  cells,  whe¬ 
re  no  virus  IS  produced,  the  infecting  virus  is  blocked  at  the  eclipse  phase. 

C)  'A'hcn  chronically  infected  cells  were  reinfected 
with  a  virule.  t  strain  of  the  same  virus  or  with  another  virus  to  which  these 
cells  were  susceptible,  the  virjs  yield  of  the  acutely  infecting  virus  was  great  - 
ly  decreased  or  negligible.  In  some  cases  a  comipletc  protection  of  the  cell 
occured  when  using  as  reinfectant  a  virulsnt  strain  of  the  same  virus- type 


a*  thr  onr  r' ooniiblr  lor  thr  throni>  inl«  >  lion,  Biothcnuil  cxlriition 
oi  the  *iti.«  lubkiAiier  yielded*  subiiitiri  .>f  proleic  nature  the  or  o;  e  rt  le  .1 
of  ahich  are  thoie  of  interferon. 

D)  Thii  interferon  wa»  cafiable  arhen  introduicd  in  \ 
c  ont  rot  non  i  r.fi  1.  ted  >  e  11-  svaten  to  indue  e  a  refittance  to  virus  infeetion 
tirrilar  to  the  one  obaerved  in  chronieatly  inficted  cell*.  It  «ai  not  poaai • 
bit  *ilh  interferon  Produced  on  a  given  cui  ir«  d  rran  n.alian  cell- a y sf en  to 
iranafer  reaiatance  to  cella  fron  another  zoological  apeciea.  'hereaa 
•If  viral  specific  ity  of  inte.feron  a -en  »  to  be  rather  oiark  or  even  incxia- 
tant,  the  c.lluUr  apecificttv  la  nigh. 

In- pile  aliona  of  th.  fe  reault*  are  diacuiaed. 

FINAI  C  vNEBAL  BFFC'PT 


The  r  iulta  obtained  after  one  year  of  reaearch  and 
experirrentation  c.arrud  under  ihe  preaent  f.iP.rart  ran  be  condenaed  and 
finally  report' d  a*  fulto>>: 

Cbjcct  of  th»-  '  ontract:  The  object  of  the  preaent  eontract,  wnich  in  fact 
Aia  »  a  continuation  froir  a  prctee  ding  contract,  waa  10  further  iiiveatigate  with 
biochcn  ical,  hi stochen  i<  al  and  electron  ii’troacore  atudi.  a,  the  behaviour 
of  IT  arr  roali  tn  celli  infected  with  different  type*  of  viruaea. 

The  tiaaue  cutturel  virua  infected  cellt  ayaterr  waa 
aelected  aa  the  airrniet  •fu..-.  .  ..j  yield  reaulta  viih  the  propoaed  techni- 

quat  within  the  available  period  of  tirre.  The  ccila  which  were  placed  under 
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Study  were  cn  the  one  hand  either  primary  explant  celts  such  as  kidney  cells 
(monkey,  calf  or  pig  kidney  cells,  hart  ater  or  mouse  kidney  cells)  an  occa¬ 
sionally  human  arrnion  cells  or  on  the  r<thrr  hand  pathologic  cells  maintai¬ 
ned  in  contmuous  growth  by  the  cell  line  culture  system:  these  were  either 
KB  or  HEP  strains  ci  cell  lines. 

The  vituses  which  were  studi'-d  under  the  present 
lontrait  and  useo  for  infecting  cellii  were: 

a)  ^'yvoviruses  and  sp<  c tally  the  EA  102  strain  of  *‘yxovirua  parainfluenake 
type  3  as  *eii  as  the  other  >  yxovirus  strains  and  in  particular  the  IF  strain 
of  the  Sendai  virus. 

b)  Enteroviruses,  narrely  human  polioviruses  type  1,  2,  3  and  Echo  viruses 
type  9  and  1 1 . 

c)  Foot-and-mouth  disease  virus  and  in  oarticuJar  the  ValKe  O  strain. 

d)  Rahies  virus:  in  '^articular  the  Louis  Fasteur  strain  of  fixed  virus, 

the  CVS  virus  strains  obtained  from.  Cr  Karl  Habel  and  different  street  virus 
strains  including  the  Far' ha  strain, 

e)  Polyoma  virus  as  obtained  from,  the  laboratory  of  Pr  Karl  Habel,  N.I.H. , 
Brthesda,  Vd. 

All  the  cells  were  grown  either  in  a  rorriplrlcly  Syn¬ 
thetic  rr  (diun.  (Morgan,  *'orton  and  Parker  l‘*9  n  ediUm)  or  in  a  semi-syn¬ 
thetic  (Pasteur  Institute  casein  hydrolysate)  incdiutn.  These  mrdia  were  sup¬ 
plemented  with  various  amount  of  m.amnnalian  serum.,  either  calf  or  cob  serum, 
added  in  the  necessary  amount  to  provide  growt*  for  the  cells,  i.e.  from, 

0,  S  to  3  per  100  vol.  in  primary  explanted  cvlJ#  and  'rom  I”  '.o  16  per  103 


vol.  io  cell  lines. 
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''*ftabclif  «iudic»  *fri  carried  ccith  the  arburi' 
cDparatus  and  with  the  usual  star.d  .rd  biclogical  and  cytai  hen-u  ai  n  i  thccis. 

El«-ctron  nicrosco'c  «>udies  were  carried  ic<:Drc';ng 
■  o  the  detailed  technique  give  n  ’i.  th'  Final  Report  o',  contract  I."  HA- 'i  1  -  59  1 - 
TJ'C  F'f>9  •l'!?85-b‘?.  The  electron  rr.ic rhsc ope  used  wa.*  eithe  r  a  Sier  er.s 

Elrruskon.  or  for  higher  resolution  the  new  OPL  100  KV  electron  micrc'  c  c- 
pc .  V  hen  extraction  of  viruses  were  carried,  there  -^cre  la.atle  on  l.'L.-.r. 
cellulose  rolurriris  for  adsorption  of  the  virus,  elution  bein"  trade  at  eons. ant 
;;H  with  phosphatr  buffer  followed  by  a  gradient  of  NaCl  starting  at  0,  5  ar  1 
ending  at  2**  eon.  c ntration. 

The  r. -suits  fiinally  obtained  an; 

1)  ?.*etabolte  studui:  A  cor.inarison  wan  n  .’t!.,’  cf  t!. 
oxygen  consurrption  of  norn  al,  acutely  infected  and  chronic.ally  infert  -d  ci 'Is. 
The  cell  systen  s  used  were  eitber  KB  cells  infected  with  '.’yxoviruu  or  htr..*- 
ler  kidney  cells  infected  with  polyom.a  virus,  or  han  ster  kidmy  ci-lls  infec  ¬ 
ted  with  rabies  or  rr  onkey  kidney  cells  infec  ted  with  various  strains  of  ;.  iho- 
VI ru  s . 

In  all  instances  we  have  found  that  the  gl'-core  :  in- 
sjxrption  of  acutely  infected  cells  in  aerobic  pKiSe  is  gre.'- i  ly  .  r  sc  1  i ' 
the  case  of  virus  infected  cells  -as  cOit  piled  to  the  Cf.nS"r;  ption  of  gl  ic  o-<e 
in  the  normal  cvintrol  celis. 

t.'n  th.-. other  hint  the  oxygen  c  on siin'nt ion  of  c '■  r  :  i  i 
ly  infected  cells  whativ.T  the  i.ll/virus  system,  considered,  is  >.f  the  rl  r 
of  the  oxygen  consumption  of  norm.al  .onl  rol  c  ell  s .  In  a  few  .u.  t  .r<'<  a  \  •er. 
the  virus  produ' tion  of  sub-acutc-ly  infc-c  .ed  '  i  lls  w.as  provr4"  sir  •  ..t  \  'o  ■ 
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pa  (  was  (  onrp-mbiv-  ''it;.  cl-.  lay.  c  du-sti  ac  tion  and  a  long  jurvival  ot 

•  .‘Us  such  as  13  tho  cast-  of  harr  stt-r  k  dm-y  cells  infected  *it*-  nbi.  |  viru'.. 
the  glaco'ic  •  onsurrplion  vis  found  to  be  lo-ver  d.  grtc  thi.i  in  ih.  •  as.-  of 
acutely  infected  cells,  but  it  was  still  at  a  greater  intensity  !e.el  than  in  ih.- 
truly  chronit  ■' ily  »nft'ctecl  c.-lls  ahere  the  gro,«th  of  the  vires  does  not  defini¬ 
tively  irrpair  the  survi.  ti  ;  ir.e  cell. 

'''h‘  n  ■•n  identical  ceil/virns  syslcrr  wi»  used 
throughout  the  experirren  b  .t  *hen  strains  of  different  dcgr«'t»s  of  virulence 
*ere  S'lbstituUd  for  the  nr.o.'e  or  less  attenuated  straias,  as  for  igstance  acith 
differ,  nt  n  yxcv;r‘j>es  strain.-  i.n  KB  cells  or  various  poliovirus  strains  of 
the  sarre  type  (i.e.  ahon-  y  agatrsi  L  sc  or  IF  13»2)  on  iT'onkey  kidney 
r.  iir,  the  rate  of  oxygen  '•onsurrption  increased  in  dire  c*  ratio  to  the  viru¬ 
lence  oi  the  strain  and  *as  also  indirectly  related  to  the  final  yield  of  virus. 
Tlius  the  rate  of  exygen  coisurrplion  is  directly  related  to  the  ceil  rr  ‘tabo- 
li*rr  which  i«  ir.'reas<‘d  in  the  'ro'^ortion  in  which  the  roll  is  actively  orodu- 
cing  virus;  ii  this  resoect  the  diffc r.  n.. e  of  oxygen  consurr ptiots  be‘twi>en  nor¬ 
mal  and  infected  cells  may  be  iak<-n  »s  an  indirect  rr  ..-asurc  of  the  quantity 
of  virus  produced  and  of  the  rate  at  which  it  it  produced. 

V  hen  for  a  given  c.rus  strain  a  seoaration  was  rrade 
bet  vevn  the  highly  infe'ct.ous  and  more  attenuated  coir  ponents  using  L'EAE 
columns,  the  two  resulting  subs  '’an  s  induced  in  inlveteJ  cells  a  variation 
in  oxyg'-n  contum.ption  w*  ich  *  is  in  direc  t  proport.on  to  the  degree  of  viru¬ 
lence  of  the  .lubt ! ii n  com.ponc  iilr.  rhus  the  stimulating  aciion  of  virus  in¬ 
fection  over  the -cell  metabolism  is  not  a  rharac  teristi'  of  .a  giv.-n  virus  nor 
of  a  given  st  rain  it  self  bui  it  r.  f  1.  t  1 1  *he  degree  of  virulenr  e  of  the  "i  ru  t  c  om  - 


poncnts  pri  st-nl  jn  th.-  stra.r.. 


ri/U  rosropc*  stadit  »:  Ar^  a  a  n  ,‘i - 

de  .'•t  trying  .o  .stablish  \  .  r.rr*  latioti  bii^ecn  thi-  ci  ll  uh ra s t rue tu r  )i  su  ns 
ind  thi.'  degrees  of  viralt-nco  of  i  given  str^’n  and/or  thi  variation  of  oxy¬ 
gen  ronsurrntion  induced  b/  thi-  strain  into  the  cell. 

.'.part  fron  the  obvious  intensity  of  cell  di'Structiun 
.1/'  ich  s  of  evidence  linked  to  the  virulence  of  the  striin.  and  ■•viihout  consi¬ 
deration  of  the  tin  e  factor  related  to  str.a.n  virulence,  it  has  not  been  possi¬ 
ble  to  show  any  specific  difference  in  the  cell  ultrastructure  alterations  .as 
found  under  the  electron  mcroscope  according  to  the  degree  of  virulence  of 
the  strain.  In  the  chronically  infected  cell/virus  systerr.  where  a  stale  of 
equilibrium  IS  reachid  betwe«-n  virus  rrultiplication  and  cell  survival,  it  was 
ilrrost  completely  irr  possible  to  tract  any  detectable  change  in  the  cell 
structure.  Nor  were  any  virus  typical  structures  prest  nl  in  the  infected  cells. 

It  ilius  appears  that  metabolic  <  hange»  rr  ay  t-ake  plate 
in  the  cell  before  any  n  or'-hological  chang'  can  be  at  counted  for  .ind  detected 
in  the  cell  systerr  under  study.  It  i  .also  probable  that  the  inaoility  to  find 
lyrical  viral  nartu  les  in  such  infet  teu  lIs  reflvcts  an  eatc-nsion  in  tim.e  of 
the  ellipse  phase  of  the  virii  iniVtficn. 

>)  Imn  unolog.cal  studies.  Wh«  n  investigating  the 

■  neraboiir  system  of  chroiiu  ally  infected  cells  we  arre  lead  to  study  the  abi- 
ity  to  produce  virus  when  such  cells  '■r  ■  reinfected  with  tUher  a  virulent 

■  train  of  the  san'e  virus  or  anothe"  vrus  whether  virulent  or  attenuated 

fsee  prrereding  reporti.  N-  eaamples  of  such  double- infet  tions  wert 
tried.  KB  cells  svere  infected  with  N  yeovicus  larainflui  ns.ie  I  and  la- 
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tor  *rith  poliovirus  type  2;  »r.onkey  kirincy  cells  were  infected  with  siit  ian 
na rainfluenz.ie  rryxovirus  and  reinfected  with  eoiiovirus  strains  attinu.ned 
or  virulent.  Calf  kidney  cells  were  infected  with  Sendai' virus  tind  seconda¬ 
rily  reinfected  with  foot-and-rrouth  disease  virus.  Finally,  hamster  Kidney 
cells  were  infected  with  oolyoma  virus  and  reinfected  at  a  later  stage  with 
rabiec  viius  .1-  r  jirt*-l  vtius  sttn.us. 

In  these  experttrunts  a  comparisen  was  made  between 
the  virus  yield  and  the  rate  of  cell  destruction  of  the  infected  cells  and  of  con¬ 
trol  fell  infected  with  the  ve^ond  virus  only.  In  all  these  instances  a  striking 
difference  was  found  in  the  virus  yield  of  control  cells  and  the  sp  ed  of  des¬ 
truction  of  these  cells  as  cotrpared  with  th?  amount  of  virus  produced  and 
the  rale  of  cell  destruction  in  ctlls  chronically  infected  with  a  mild  virus 
prior  to  inf.'ction  with  a  highly  virulent  virus.  There  was  a  constant  diffe¬ 
rence  of  at  least  2  to  3  logs  of  virus  produced  when  comparing  thj  acutely 
infected  control  celts  and  the  double-infected  cells. 

In  sonre  instances  susceotible  chronically  infected  cells 
*'*'■*■  protected  against  a  virulent  strain  of  a  different  viruj  by  their  previous 
infection  up  to  the  point  of  producing  only  ncgiigabto  amounts  of  the  virulent 
"irus.  In  such  cates  the  amount  of  virus  found  in  the  supernate  »'at  of  the 
.rder  of  10^  to  10^  particles  of  virus  or  less,  whereas  in  the  control  cells 
the  Supernate  yielded  frorr  10^  *  to  10*‘  *  p.f.u.  per  irl. 

It  was  I  r.ssibli  to  show  »h«t  this  resistance  of  cells 
to  virus  infection  <  ould  b<  attributed  to  the  presence  of  interferon  in  the 
rhroniially  infected  cells.  Following  the  method  previously  described,  it  was 
possible  to  extract  this  interferon  aubstaoce.  and  by  intre  facing  it  in  a  con- 
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i  rol  f*-ll  systerr.  of  the  sarT;e  type  of  ctlls,  to  induce  in  non- 1  h  ro.i;c.i  11  ■/  in.  c  - 
ti-d  cells  a  degree  of  resistance  strictly  c orr.parabfe,  and  in  son  e  cast  lu- 
jierior,  to  the  degree  of  resistance  acquired  by  chroracally  infected  Ci  Ilf. 

Thus  It  If  demonstrable  that  the  resistance  of  virus 
rruine  c<  lls  it  connected  *iih  th«  ’.roductioii  and  the  presence  in  tlies. 

I  ells  of  interferon  vluch  can  be  extracted,  and  f.'orr  which  it  is  pnssih'.'  to 

II  insftr  the  ceil  irrm.unity  of  an  infected  cell  systen  to  another  cell  system  t-f 
•lie  same  c  e  11  -  ti  s  Sui- . 

It  w.as  possible,  using  n  onKey  kidney  -ells  to  ti  rnsfn.- 
the  poliovirus  resistance  acquired  through  a  chronically  infected  sy.  tii  i  tc 
ether  nr  onkey  kidney  cells.  These  cells  bec-am.e  not  only  resitt.'.nl  to  polio 
virus  infci  tion  but  also  to  Tcho  virus  and  Sendai'  virus  infection  w.th  r'rains 
r.orm.ally  grown  on  a  monkey 'kidn  y  cell  systen  . 

C'r.  th ■■  other  hand,  when  int.'rferon  extra.  •  d  '■•r...  me,  " 
key  kidney  'ells  was  introduced  in  a  calf  kidney  cell  systirri,  these  cells  -ver' 
not  protected  against  ^'vxovlrus  Send:!  or  fool-and*rr  outh  dises  se  viru..  in- 
f«  f  tion. 

P «  suli s  with  rabie s  virus  were  les s  c le.arc ut  o  <  t  { 

ne  loc.g  .fu  ration  of  lell  fur'ival  of  rabies  inficted  Cells:  but  thi-  eiij.  \.ri 
■I  Id  of  han  St  IT  kidney  cells  protected  with  hart  ster  kidney  myv.aiiri'S  ini.m  ■  d 
in!*  rfiion  was  definitely  lower  (10'^*^  against  lO^’"')  tha.iii',  niin-  'r.il  •  '  :*  *) 

.  Ils. 
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^VlPLlC^TIC^CF_RXSULTSJjND^DlSCUSSIC^ 

In  short,  the  expertment*  suir  nr:  xrired  abev"  hav«- 
shown  the  following  points: 

1)  V.rus  rr.ultiplicalion  in  infected  cells  results  in  in  increase  of  oxygen 
conturrption  which  is  in  direct  ratio  (o  the  virulence  of  the  infecting  virus 
strain. 

d)  In  chronically  infecteo  cellf  where  little  or  no  virus  tt  nruduced,  no  rror- 
pholog-.ral  changes  cs.i  be  traced  with  the  electron  nr.ic  roscope  and  the  "irus 
setrrs  to  be  blocked  at  the  eclipse  phase, 

1)  Chronically  infected  colls  or  cults  infected  with  strains  of  a  low  virulence 
yielding  only  strall  quantity  of  the  infecting  virus  aer  to  a  certain  degree  par* 
tiiUy  protected  or  torrplet*  ly  »'roteiied  against  reinfection  with  either  viru¬ 
lent  strains  of  the  sanne  virus  or  with  other  viruses. 

tl  This  i  roteciicn  is  due  to  the  roduciion  and  presence  of  an  interferon  which 
can  be  extracted  as  a  relatively  rnirc  preparation.  Interferon  can  be  used  to 
'rareter  if'  rrunoiogical  resistance  to  other  cells  of  the  san  e  tissular  type 
ind  the  same  soological  species,  but  not  to  cells  of  the  same  tissular  type 
beicnging  to  a  different  soological  species, 

5)  The  use  of  CEAE  columns  enables  to  separate  by  the  .t  cthod  oi  NaCl 
gr~dierils  in  phosnhate  buft.-r  a  nun  brr  of  virus  fractions  where  th.  virulent 
components  of  ihr  sir, in  are  separated  frorr  the  non  virulent  or  .lUtnualccl 
ones,  ■'he  nulirits  thus  obtained  .»re  stable.  It  i»  possible,  using  thi  .atIcnuati  H 
components  of  the  virulent  strain,  to  indu*  e  resistance  agtmst  the  lorTpleti' 
Strain  or  against  its  virulent  rorrponent  into  susceptible  cc'tl- system  ft. 
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Fron  a  practical  standpoint,  the  rre'hods  of  prodac- 
ticn  and  extraction  of  interferon  should  be  irrjrtoved  before  w>-  car  fully 
ipr  reciale  the  si.-ectrurr  of  activity  of  interferon  against  viriisei.  Th,  re 
•  errr  to  be  little  viral  anecificity  in  the  rr.ode  of  action  of  interferon  whereas 
the  I  ellular  specificily  is  obviously  great 

It  '■-.n  ba-  provisionnally  concluded  frorr  these  expe- 
rin.ents  that  in  the  case  of  the  huir.ar.  species  there  lies  a  rr  ore  imrr.ediate 
prospect  in  the  possibility  of  prorroting  resistance  to  vires  infection  through 
interferon  fo  rrr  ation  induced  by  the  use  of  attenuated  cr  non  vir  'lent  virus 
strains  than  a/ith  using  an  anin  ai  produced  interferon  to  transfer  immunity 
'o  n.an.  In  animals  the  problem,  la  much  simplified  by  the  pcssibsltty  of 
us-ng  an  hor  otypic  interferon  as  aell  as  by  the  acceptance  of  a  <  alculated 
r.sk  of  minor  viral  infections  through  the  use  of  attenuated  virus  strains. 

SUK  VARY  CF  FEUSCNNEL  UTIU^C^  CURING  THE  BEFOFTINC  PFBICC 

The  experiments  described  were  carried  by  the 
contrattant  with  the  aid  of  ''‘adane  Chrixtianc  Bonissol,  licenci^e  ^S'Scien- 
tci  ind  of  Dr  Gio\  anna  f  eolin.  ''.D.  .  assi stant .  two  technic iant  Mademoi¬ 
selle  Annick  Poullain  et  ''ademoiselle  F.  Fournier  were  paid  on  the  cor.’ract, 
Te'hnii  al  assista  ice  was  given  in  biochemistry  by  Monsieur  l.ocis  Oelsal, 
bio-  hemist,  chief  of  laboratory  and  in  the  electron  microscope  field  by  k!lle. 

C.  C  r-aiss-anl,  assistant  physicist,  which  were  not  paid  on  the  '  ontract.  A 
techn.cian  photograph,  Monsieu r Olivier  lay  was  used  and  paid  on  the  contract 
during  part  of  the  period  covered.  All  worked  on  a  full  time  tiasis. 


Sccret^i-tal  and  other  idir.ini etrative  work  roquin  d 
2/12  working  tirre  givr  .  by  Mademoieelle  D.  >'or»ce,  tecret.iry. 

No  prooerty  wai  acquired  during  t^e  contract  period 
at  the  contract  direct  or  indirect  ex?eneo. 

Reactivea,  chennicalc,  ohotographic  plate*  and  other 
consun  able  item*  needed  in  investigation  were  bought  at  direct  contract 
expenses.  Vonkeys  bought  in  Africa  and  transported  by  air  freight  were 
used  throughout  for  the  preparatiou  of  cial  sytetrs  and  for  the  titration  of 
the  different  viruses  used  in  the  experiments. 

Before  concluding  the  contractor  wishes  to  congratu¬ 
late  all  the  worker*  on  the  contract,  and  those  who  have  participated  with 
technical  or  partial  help  to  the  contractants.  All  of  them  have  shown  an 
outstanding  team  spirit  without  which  the  results  obtained  could  not  have 
been  achieved  in  such  a  short  time. 

The  result*  so  far  obtained  bear  such  implications 
that  It  IS  to  be  expected  that  further  develooirients  will  come,  which  could 
not  have  been  gained  without  the  help  given  by  the  present  contract. 

It  IS  tho  agroablo  duty  of  the  contractor  to  gratefully 
acknowledge  such  helo  given  by  the  European  Office  of  the  US  Army. 

The  oresen*  report  terminates  the  contract  N*  TA-Pl- 
I  -  EUC  -  1417  01  -  4448-fiO  and  put*  an  end  to  a  three  years  period  of  fruitful 
work  carried  with  the  assistance  of  the  European  Office  of  the  U.S.  Army. 
The  continuation  of  the  work  thus  initialed  wilt  require  furtlv.r  developiT<rnt.<! 
which  can  be  deduced  from  the  present  results. 


Although  the  contractor  is  fully  aware  that  it  is  not  in 


j>age  fcurteen 


the  intentions  of  the*  European  Office  of  the  U.Ii.  Army  to  coni.c  n- 
support,  he  wishcc  a*  a  final  conclusion  to  express  the  hope  tint  t  - 
still  in  orogress  wili  not  be  interrupted  and  that  it  will  continue  alo 
impilgc  which  the  U.S.  Army  contract  has  provided. 

Pans,  22  ^*arch  1961 

The  Contractor: 

I  • 


Dr  P.  L^oine 


